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METHOD AND SYSTEM FOR 
ESTABLISHING A STORAGE AREA 
NETWORK CONFIGURATION 

TECHNICAL FIELD 

This invention relates in general to the ?eld of computer 
networks, and more particularly to a method and system for 
establishing a storage area netWork con?guration. 

BACKGROUND 

Demand for data storage capacity has substantially 
increased as data intensive applications have groWn more 
common. For instance, interactive database applications, 
such as internet applications that alloW remote access to 
data, have substantial data storage demands and operate 
most effectively if data is readily accessible. In addition to 
having a greater need for data storage capacity, these appli 
cations provide improved user utility With rapid data access 
and With the ability to share pooled data among a large 
number of users over distributed locations. To meet demands 
for increased storage capacity and more rapid access to data, 
the computer industry has developed storage area netWorks 
(“SAN ”), a collection of data storage devices interfaced With 
one or more servers or Workstations. Storage area netWorks 

offer scalable technology based on small computer system 
interface (“SCSI”) and ?bre channel protocol (FCP) com 
pliant systems, frequently interconnected With hubs or 
sWitches. 

Storage area netWorks offer centraliZed storage of data for 
increased efficiency and data handling. A properly imple 
mented storage area netWork provides data access reliability 
and availability, unobtrusive capacity expansion such as 
With the addition of data storage devices, improved data 
backup and recovery, and performance that is competitive 
With local data storage. Many of the advantages of storage 
area netWorks are described in greater detail in an August 
1998 Dell computer Whitepaper entitled “Storage Area Net 
Work Technology” published at WWW.dell.com/r&d/ 
Whitepapers/Wpsan.html and a February 1999 Dell computer 
Whitepaper entitled “Storage Area NetWork Solutions” pub 
lished at WWW.dell.com/r&d/Wp/spring99/sansol.html. 

Although, storage area netWorks offer many advantages 
for the efficient and timely distribution of data across a 
distributed netWork, some dif?culties exist in the implemen 
tation of a storage area netWork, particularly as the number 
of devices interfaced With the storage area netWork 
increases. For instance, in a ?bre channel storage area 
netWork environment With multiple initiators sending ?bre 
channel protocol (FCP-SCSI) commands, the overhead 
related to these FCP-SCSI commands tends to use excessive 
bandWidth of the storage area netWork, potentially leading to 
a sloWdoWn or even disruption of data transfers through the 
netWork. 

Each target associated With a storage area netWork gen 
erally has a queue allotted to accept commands from initia 
tors associated With the storage area netWork. The initiators 
seek to store data in or retrieve data from the target by 
sending commands to the target through the netWork. When 
a target queue is full the target responds to initiator FCP 
SCSI commands, knoWn as FCPiCMND commands, With 
a queue full response of TASKiFULL status in the FCPi 
RSP to indicate the queue is full and unable to accept or 
process the command from the initiator. When an initiator 
receives a queue full indication from a target device, the 
initiator generally retries sending the command to the target 
device at a subsequent time. Each initiator command and 
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2 
queue full response absorbs bandWidth of the storage area 
netWork, resulting in sloWdoWns of data transfer across the 
netWork. Further, in addition to creating unnecessary over 
head activities on the netWork, the initiator attempts and 
queue full response increase CPU utiliZation in the targets 
and the initiators. Particularly during heavy netWork and 
CPU usage, initiators and targets sometimes fail to commu 
nicate properly resulting in timeouts With the dropping of 
frames or packets of data. In short, the initiators and targets 
become too busy to communicate With each other and to 
busy to communicate that they are too busy. 

SUMMARY 

Therefore, a need has arisen for a method and system 
Which establishes a storage area netWork con?guration to 
reduce overhead transactions on the storage area netWork, 
including overhead associated With target queue full states. 
A further need exists for a method and system Which 

establishes a storage area netWork con?guration to reduce 
CPU utiliZation associated With overhead commands of the 
storage area netWork. 

In accordance With the present invention, a method and 
system is provided that substantially eliminates or reduces 
disadvantages and problems associated With previously 
developed storage area netWorks. The method and system 
monitors signals of the storage area netWork to determine 
the number of initiators associated With the storage area 
netWork. Based upon the determination of the number of 
initiators, the method and system may automatically adjust 
the queue depth of at least one initiator associated With the 
storage area netWork. 

More speci?cally, during initialiZation of the storage area 
netWork, an ID engine associated With an initiator interfaced 
With the storage area netWork monitors the signals commu 
nicated With over the storage area netWork to identify and 
count the port login commands provided by other initiators 
interfaced With the storage area netWork. During 
initialiZation, initiators provide port login commands to each 
target to identify the targets. Each initiator has a unique 
WorldWide name included in the port login command. By 
tracking the unique names received during initialiZation of 
the storage area netWork, the initiator ID engine determines 
the number of other initiators associated With the storage 
area netWork. The initiator ID engine determines the total 
number of initiators by counting the unique login names and 
adding one to represent itself. 
Once an initiator determines the number of initiators that 

are associated With the storage area netWork, the initiator 
automatically adjusts its queue depth from an initial queue 
depth to an adjusted queue depth having a value dependant 
upon the number of initiators associated With the storage 
area netWork. The adjusted queue depth limits the number of 
commands that the initiator can send to a predetermined 
target based upon the number of commands that the target is 
able to accept. 

In one embodiment, an initiator’s queue depth for a target 
may be set at a value equal to the total number of commands 
the target can accept divided by the total number of initiators 
associated With the target. Thus, if each initiator interfaced 
With the storage area netWork has an ID engine and con?g 
ures an adjusted queue depth in proportion to the total 
number of initiators divided by the target’s ability to accept 
commands, the target should avoid a task full status. 

In an alternative embodiment, an initiator’s queue depth 
for a target may be set at a value greater than or less than the 
queue depth of other initiators to compensate for initiator 
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bandwidth to that target. Thus, each initiator may have an 
adjusted queue depth for each target associated With a 
storage area network so that the adjusted queue depth is 
established on a target-by-target basis. 

The method and system for determining the number of 
initiators and adjusting initiator queue depth provides a 
number of important technical advantages. One important 
technical advantage is the automatic determination of the 
number of initiators interfaced With a netWork Without 
operator intervention. The automatic determination tracks 
changes to netWork con?guration, such as the addition or 
deletion of initiators from the netWork, each time the net 
Work is initialiZed. This accurate and reliable determination 
of the number of initiators supports optimal con?guration of 
the netWork through recon?guration of netWork devices. 

Another important technical advantage is the automatic 
adjustment of queue depth of one or more initiators to an 
adjusted queue depth having a value dependent upon the 
number of initiators. The adjusted queue depth reduces 
netWork and CPU utiliZation by overhead commands asso 
ciated With storage and retrieval of data. For instance, When 
the adjusted queue depth of one or more initiators for 
providing commands to a predetermined target is less than 
the number of commands that the target can handle, netWork 
and CPU utiliZation are reduced since initiator commands to 
the target Will generally not result in a queue full status 
response from the target. Rather, initiators Will Wait to send 
commands to a target until the adjusted queue depth of the 
initiator indicates an ability by the target to handle the 
command. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present embodi 
ments and advantages thereof may be acquired by referring 
to the folloWing description taken in conjunction With the 
accompanying draWings, in Which like reference numbers 
indicate like features, and Wherein: 

FIG. 1 depicts a block diagram of a storage area netWork; 
and 

FIG. 2 depicts a How diagram for establishing a storage 
area netWork con?guration. 

DETAILED DESCRIPTION 

Preferred embodiments and their advantages are best 
understood by reference to FIGS. 1 and 2, Wherein like 
numbers are used to indicate like and corresponding parts of 
the invention. 

Storage area netWorks vary in siZe and complexity, and 
are ?exible in their con?gurations for meeting the storage 
needs of a netWork site. A simpli?ed storage area netWork 
con?guration is depicted in FIG. 1 to illustrate the transfer 
of data betWeen a limited number of devices interfaced With 
a storage area netWork. More complex storage area netWorks 
may have any number of devices interfaced With it as needed 
to meet a given user’s storage needs. 

Referring noW to FIG. 1, a computer system 10 for storage 
of data is depicted. Astorage area netWork 12 interfaces With 
plural initiators 14 and 16 and plural targets 18 and 20. 
Storage area netWork 12 may comprise conventional net 
Working components compatible With ?bre channel protocol 
and small computer system interface standards. Typical 
storage area netWork components are ?bre channel based 
and may include host bus adapters, sWitches, bridges, disk 
arrays such as redundant arrays of independent disks 
(RAIDs) and other conventional components. 
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4 
Essentially, a storage area netWork is de?ned When physi 

cal storage device sharing is enabled such as through ?bre 
channel loops and hubs or sWitches. Each device interfaced 
With a ?bre channel netWork is called a node. Nodes that 
generate and seek to store data, such as Work stations or 
servers, are typically knoWn as initiators or originators. 
Nodes that act as data storage devices, such as disk storage 
or RAID devices, are typically knoWn as targets or respond 
ers. A storage area netWork may use different types of 
topologies, including point-to-point, sWitch to fabric, arbi 
trated loop and combinations of these three topologies. 

Fibre channel technology alloWs data and netWork pro 
tocols to coexist on the same physical media. A typical 
command set protocol is FCP-SCSI compatible for interfac 
ing initiators, such as servers and Work stations, With targets, 
such as conventional storage devices and RAIDs. FCP-SCSI 
commands alloW storage and retrieval of data to and from 
the initiator and the target storage device as though the 
storage area netWork is simply an SCSI device interfaced 
through ?bre channel fabric. 

Each of targets 18 and 20 include a command queue 22 
and 26 and a data storage area 24 and 28. Command queues 
22 and 26 accept commands knoWn as FCP CMND from 
initiators associated With storage area netWork 12, and 
execute the commands for storing, recalling or otherWise 
manipulating data in data storage areas 24 and 28. Typically, 
command queues 22 and 26 may accept only a limited 
number of instructions for processing at a given time, such 
as up to 256 total commands or instructions at a time. If a 
command queue has accepted its maximum number of 
instructions, the command queue Will refuse additional 
instructions by providing a task full status to the device 
sending-the excessive instructions. Target devices having 
full command queues typically send task full status 
responses until the command queue has room to accept 
additional instructions, and may time out excessive instruc 
tions or task full responses resulting in lost data frames or 
packets. Devices attempting to send instructions to the 
command queues typically reattempt the instructions 
periodically, often exacerbating the task full status by con 
suming target and initiator CPU utiliZation and sloWing the 
target’s ability to clear the instructions from the command 
queues. 

Initiators 14 and 16 initiate data transactions through 
storage area netWork 12 to targets 18 and 20. Initiators 14 
and 16 include ID engines 30 and 34 for monitoring signals 
communicated over storage area netWork 12. Queue depth 
engine 32 associated With initiator 14 stores a queue depth 
representing the number of commands that initiator 14 may 
send to targets 18 and 20 respectively. Queue depth engine 
36 associated With initiator 16 stores a queue depth repre 
senting the number of commands that initiator 16 may send 
to targets 18 and 20 respectively. 
The initial queue depth of a queue depth engine for a 

predetermined target is typically equal to the total number of 
instructions that the target’s command queue is capable of 
accepting. Thus, for instance, an initial queue depth of 256 
for initiator 14 With respect to target 18 Will ensure that the 
command queue 22 Will not become full if initiator 14 is the 
only initiator that sends instructions to target 18. HoWever, 
if initiator 16 also sends instructions to target 18, then some 
risk exists that the combined commands from initiators 14 
and 16 to target 18 may result in a queue full status of 
command queue 22. To reduce the risk of a queue full status, 
the queue depth of the initiators With respect to a predeter 
mined target may be reduced from the initial queue depth to 
an adjusted queue depth that depends upon the total number 
of initiators sending instructions to the target. 
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The primary dif?culty of establishing an adjusted queue 
depth is determining the number of initiators that are inter 
faced With a predetermined target. An important advantage 
of storage area networks is their ?exibility in con?guration 
to meet storage needs by interfacing additional targets and 
initiators With the storage area netWork as data storage 
demands increase, or reducing the number of targets and 
initiators as data storage needs decrease. Thus, effective use 
of a storage area netWork may result in a dynamic environ 
ment in Which the number of initiators or targets frequently 
changes. 

In order to obtain an accurate determination of the number 
of initiators interfaced With a storage area netWork, ID 
engines 30 and 34 monitor signals sent by initiators over the 
storage area netWork by other initiators. For instance, When 
a neW node, such as an initiator or target, is added to storage 
area netWork 12, an initialiZation process is accomplished. 
During initialiZation of storage area netWork 12, each ini 
tiator performs a target discovery process in Which each 
initiator sends a signal, such as a port login command 
(PLOGI), to each node interfaced With the storage area 
netWork. The port login command includes a payload con 
taining a unique World Wide name and a port name for the 
initiator that alloWs a determination of the total number of 
initiators through a count of the number of unique names 
detected across the storage area netWork. 

As an example, during the target discovery process of 
storage area netWork 12, initiator 14 sends a port login 
command to targets 18 and 20 and to initiator 16. Initiator 16 
determines the total number of interfaced initiators by 
counting the number of unique port login commands 
received by ID engine 34 and then adding one to represent 
itself. Similarly, ID engine 30 associated With initiator 14 
receives the port login command from initiator 16 to per 
form its oWn determination of the number of initiators 
interfaced With storage area netWork 12. Thus, at the con 
clusion of the target discovery process, ID engines 30 and 34 
Will each have determined that a total of tWo initiators are 
interfaced With storage area netWork 12. If additional ini 
tiators are interfaced With storage area netWork 12, the 
determination of the number of initiators may be accom 
plished through the identi?cation of each additional unique 
World Wide name associated With each login command. 

Once ID engines 30 and 34 have determined the total 
number of initiators interfaced With storage area netWork 12, 
queue depth engines 32 and 36 may then establish an 
adjusted queue depth for each initiator on a target-by-target 
basis. The most simple Way to establish an adjusted queue 
depth is to divide the initial queue depth value for each target 
by the total number of initiators determined to be interfaced 
With the storage area netWork. For instance, queue depth 
engines 32 and 36 may have an initial queue depth of 25 6 for 
target 18, With the queue depth of 256 corresponding to the 
number of instructions that command queue 22 is capable of 
processing at a given time. Queue depth engines 32 and 36 
Will each set an adjusted queue depth for target 18 of 128 
representing the initial queue depth of 256 divided by the 
tWo initiator determination of ID engine 30 and 34 respec 
tively. In this manner, the total number of instructions 
provided by initiators 14 and 16 to target 18 Will not exceed 
the 256 capacity of command queue 22, thus avoiding task 
full status for target 18. 

In an alternative embodiment, the adjusted queue depths 
for one or more initiators may be set at different and unequal 
values to compensate for initiator bandWidth. For instance, 
one or more initiators may have a greater demand for data 
interactions With one or more targets. In such a situation, the 
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6 
queue depth engine of the initiator With the greater band 
Width demand for a predetermined target may set a value for 
the adjusted queue depth that is greater than the values set 
for one or more other initiators. Similarly, the queue depth 
engine of an initiator With a lesser demand for data inter 
actions With one or more targets may set an adjusted queue 
depth that is less than the values set for one or more 
initiators. Although the queue depths of the initiators for a 
predetermined target may vary from initiator to initiator, the 
total queue depth of the initiators for the predetermined 
target may still be set at a value equal to the command queue 
of the predetermined target. 
As an example, With respect to target 18, initiators 14 and 

16 may each have an adjusted queue depth of 128. HoWever, 
initiator 14 may have a greater need for bandWidth With 
respect to target 20 than does initiator 16. Thus, queue depth 
engine 32 may set a queue depth of 192 for initiator 14 With 
respect to target 20, and queue depth engine 36 may set a 
queue depth 64 for initiator 16 With respect to target 20. 
These unequal adjusted queue depth values bias upWard the 
number of possible commands that initiator 14 can send to 
target 20 at the expense of the number of commands that 
initiator 16 can send to target 20, thus alloWing compensa 
tion for the greater bandWidth demands of initiator 14. 

Compensation of varying bandWidth demands is accom 
plished in a number of Ways. For instance, an initiator With 
a greater bandWidth demand may include an algorithm in its 
queue depth engine that increases its queue depth by a 
predetermined factor, or maintains a minimum adjusted 
queue depth value. Alternatively, an initiator With a greater 
bandWidth demand may have a greater initial queue depth 
setting than other initiators, resulting in a greater adjusted 
queue depth being computed by its queue depth engine. Yet 
another alternative is for the initiator With the greater 
bandWidth demand to send a signal across the storage area 
netWork to other initiators, such as an extra port login 
command and unique World Wide name, so that the other 
initiators set loWer adjusted queue depth values. 

Although setting adjusted queue depths of all initiators to 
a total value of equal to or less than the command queue 
value of the associated target Will help to ensure that the 
command queue Will not exceed its capacity, it should be 
noted that the total value of the queue depths of the initiators 
may exceed the capacity of the command queue. In such a 
case, the target’s command queue may exceed its capacity. 
HoWever, the target is unlikely to receive the total value of 
commands at a given point in time. 

Referring noW to FIG. 2, a How diagram depicts the steps 
of establishing a storage area netWork con?guration. At step 
40, the storage area netWork begins initialiZation. InitialiZa 
tion occurs at any time that a target or initiator is added to 
or removed from the storage area netWork. InitialiZation may 
also occur based on a user input or by simulation of the 
addition or removal of nodes for the purpose of establishing 
the con?guration of the storage area netWork. 

At step 42, initiators interfaced With the storage area 
netWork are detected during the target discovery process. At 
step 44, the number of initiators is determined by one or 
more initiators by counting the number of unique port login 
commands received by the initiator and adding one repre 
sentative of the initiator doing the counting. At step 46, the 
determination of the number of initiators is used to set an 
adjusted queue depth for at least one initiator. Finally, at step 
48, the storage area netWork is operational With a con?gu 
ration established that Will reduce overhead commands and 
CPU utiliZation of both the target CPU’s and the initiator 
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CPU’s through a reduced need for managing task full status 
of targets associated With the storage area network. 

All of the present invention has been described in detail 
and it should be understood that various changes, substitu 
tions and alternations can be made hereto Without the parting 
from the spirit and scope of the invention as de?ned by the 
appended claims. 
What is claimed is: 
1. A method for determining the number of initiators 

interfaced With a storage area netWork, the method compris 
ing: 

initialiZing the storage area netWork; 
monitoring the signals generated by the initiators during 

the initialiZing of the storage area netWork; and 
using the monitored signals to determine the number of 

initiators associated With the storage area netWork. 
2. The method of claim 1 Wherein said initialiZing step 

further comprises sending a port login command from each 
initiator of the storage area netWork to each node of the 
storage area netWork to locate nodes associated With the 
storage area netWork. 

3. The method of claim 2 Wherein said monitoring step 
further comprises: 

receiving the port login commands With at least one 
initiator; and 

determining the number of initiators by counting the 
number of unique initiator identi?ers. 

4. The method of claim 3 Wherein the storage area 
netWork comprises a ?bber channel storage netWork, and 
Wherein each login command comprises a unique World 
Wide name for identifying the initiator associated With the 
login command. 

5. The method of claim 1 further comprising adjusting the 
queue depth of at least one initiator for a target associated 
With the storage area netWork based upon the number of 
initiators determined by said using the monitored signals 
step. 

6. The method of claim 5 Wherein said adjusting step 
comprises determining the adjusted queue depth of the at 
least one initiator by dividing an initial queue depth by the 
number of initiators. 

7. The method of claim 5 further comprising: 
changing the number of initiators associated With the 

storage area netWork; 
repeating the initialiZing, monitoring, using, and adjusting 

steps. 
8. The method of claim 21 Wherein said changing the 

number of initiators step comprises adding at least one 
initiator to the storage area netWork. 

9. The method of claim 5 Wherein said adjusting step 
comprises determining the adjusted queue depth of each 
initiator as an initial queue depth divided by the number of 
initiators. 

10. The method of claim 5 Wherein the queue depth of 
plural initiators is adjusted so that at least one adjusted queue 
depth of one initiator is unequal to an adjusted queue depth 
of a second initiator. 

11. A method for establishing a storage area netWork 
con?guration, the method comprising: 
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determining the number of initiators associated With the 

storage area netWork; and 

automatically adjusting the queue depth of at least one 
initiator for at least one target from an initial queue 
depth to an adjusted queue depth, the adjusted queue 
depth having a value dependent upon the number of 
initiators. 

12. The method of claim 11 Wherein said determining step 
comprises: 

initialiZing the storage area netWork; 
counting the port login commands received by an initiator 

during said initialiZing step; and 
determining the number of initiators as the number of 

unique login commands received plus one. 
13. The method of claim 11 Wherein said automatically 

adjusting step comprises determining the adjusted queue 
depth by dividing the initial queue depth by the number of 
initiators. 

14. The method of claim 13 Wherein the adjusted queue 
depth is equal for each initiator for the target associated With 
the storage area netWork. 

15. The method of claim 11 Wherein said automatically 
adjusting step further comprises biasing the adjusted queue 
depth to compensate for initiator bandWidth. 

16. The method of claim 11 Wherein said automatically 
adjusting step further comprises determining an adjusted 
queue depth for an initiator on a target-by-target basis. 

17. The method of claim 16 Wherein each initiator has a 
substantially equal adjusted queue depth for each target 
associated With the storage area netWork. 

18. The method of claim 16 wherein at least one initiator 
has an adjusted queue depth for a target that is substantially 
greater than the adjusted queue depth of a second initiator 
for the target. 

19. A computer system for storing data comprising: 
a netWork for communicating data; 

at least one target interfaced With the netWork, the target 
accepting data for storage; 

plural initiators interfaced With the netWork; and 
at least one ID engine associated With at least on initiator, 

the ID engine for determining the number of initiators 
interfaced With the netWork. 

20. The computer system of claim 19 further comprising 
a queue depth engine associated With at least one initiator, 
the queue depth engine for adjusting the queue depth of at 
least one initiator for the target according to a determination 
of the number of initiators provided by the ID engine. 

21. The computer system of claim 20 Wherein each of the 
plural initiators comprises an ID engine and a queue depth 
engine. 

22. The computer system of claim 21 Wherein the ID 
engine is operational to determine the number of initiators 
by counting the number of port logins received by an 
associated initiator during initialiZation of the storage area 
netWork. 


